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(57) ABSTRACT 

A solution, in particular for hemodialysis or peritoneal 
dialysis that permits attaining a desired glucose concentra 
tion Without affecting the concentrations of other compo 
nents in the solution. The solution consists of at least three 
individual solutions that are combined and administered 
after heat sterilization. The ?rst solution contains calcium 
ions, electrolyte salts and optionally glucose in a concen 
tration of 0—1000 mM and is acidi?ed to a pH of less than 
4.0 With a physiologically tolerable acid. The second solu 
tion contains glucose in a concentration different from that 
of the ?rst solution and the remaining components of the ?rst 
solution in the same concentration. The third solution con 
tains a buffer in the physiological range. Also provided is a 
method of preparing a solution according to the invention, 
Where the desired mixing ratio of the separate solutions is 
automatically established by a dialysis machine or peritoneal 
dialysis cycler. 

29 Claims, No Drawings 
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SOLUTION, IN PARTICULAR FOR 
HEMODIALYSIS OR PERITONEAL 

DIALYSIS AND A METHOD OF PREPARING 
SAME 

FIELD OF THE INVENTION 

The present invention relates to a solution, in particular 
for hemodialysis or peritoneal dialysis and a method for 
preparing same. 

BACKGROUND OF THE INVENTION 

The most important functional components of hemodi 
alysis or peritoneal dialysis solutions are electrolytes Which 
preferably include calcium ions, sodium ions, magnesium 
ions and chloride ions, a buffer system, and a suitable 
osmotic medium. 

Abicarbonate buffer having the advantage of good physi 
ological tolerability is generally used as the buffer system, 
but depending on the pH of the solution, it is partially in 
carbonate form in an alkaline medium and in equilibrium 
With CO2 in an acidic range. In addition to bicarbonate, 
other buffers can also be used, providing they have suf?cient 
buffering effect in the physiological pH range of approxi 
mately 7. Suitable buffers include lactate and pyruvate, 
Which can be degraded easily to bicarbonate in the body. 

The osmotic medium is usually glucose, Which is toler 
ated Well in the desired osmolarity range. 
One important problem in preparing a dialysis solution 

containing the functional components is that bicarbonate and 
calcium must usually be stored separately to prevent forma 
tion of an insoluble calcium carbonate precipitate. Although 
such a precipitate can be prevented in an acidic range, there 
is the problem of the bicarbonate-CO2 equilibrium being on 
the CO2 side in the acidic range. The relatively high result 
ing CO2 partial pressure requires a bag ?lm With a large, i.e., 
effective, CO2 barrier. 

If glucose is used as the osmotic medium, glucose may 
react With the other components of the solution during heat 
steriliZation of the solution, and degradation products Which 
might have a harmful effect on the body may be formed. In 
particular the reaction of glucose With lactate, Which is also 
used as a buffer, bears mentioning. 

Therefore, it is knoWn from International Patent WO 
93/09820, for example, that glucose and the other compo 
nents of the dialysis solution may be sent for heat steriliZa 
tion separately. Said patent discloses a dual-chamber vessel 
Where all the important components of the dialysis solution 
except for glucose are accommodated in a large 
compartment, While the glucose or glucose-like components 
are stored in a second compartment. This makes it possible 
to effectively prevent the formation of glucose degradation 
products during heat steriliZation. After heat steriliZation, the 
components of the tWo compartments are mixed and the 
solution is used for hemodialysis or peritoneal dialysis in a 
knoWn manner. 

European Patent 613 688 A1 describes a dialysis ?uid 
consisting of multiple individual concentrates. A uniform, 
standardiZed basic concentrate and an individually selected 
additive concentrate are provided. The basic concentrate 
contains sodium chloride and sodium bicarbonate. The addi 
tive concentrate preferably contains the other electrolytes 
and glucose. In addition to the separation of glucose from 
the buffer system and the associated reduction in formation 
of unWanted degradation products, this yields the advantage 
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2 
that the composition of the dialysis solution can be adapted 
to the prevailing needs of the patients through the individu 
ally selected additive concentrate. This makes it possible to 
administer potassium salts, calcium salts and magnesium 
salts as Well as glucose in individually adjusted doses. 

European Patent 402 505 A1 discloses a method and a 
device for continuous cyclic peritoneal dialysis, Where a 
glucose pump is connected to an inlet line for a dialysis 
solution leading to the patient. Depending on the delivery 
head of the glucose pump, the glucose concentration in the 
peritoneal dialysis solution supplied to the patient may be 
adjusted. The glucose content in the solution to be admin 
istered is adjusted on the basis of the quantity of ultra?ltrate 
taken from the patient. 
The previously knoWn methods of preparing dialysis 

solutions have the disadvantage that although different con 
centrations or pro?les of components, in particular glucose, 
can be achieved in the ?nished mixture by combining tWo 
individual solutions, mixing the individual solutions alWays 
leads to a corresponding change in the concentrations of the 
other components as Well. For example, if glucose is added 
in the method knoWn from European Patent 402,505 A1, this 
also results in changes in the concentrations of the other 
components of the dialysis solution, e.g., the electrolytes or 
the pH, depending on the mixing ratio. 

OBJECTS OF THE INVENTION 

Therefore, the object of the present invention is to provide 
a solution, in particular for hemodialysis or peritoneal 
dialysis, and a method of preparing same, by means of Which 
the glucose concentration can be varied as desired Without 
in?uencing the concentration of the other components. 

This object is achieved by a solution consisting of at least 
three individual solutions Which are combined and admin 
istered after heat steriliZation, Where the ?rst individual 
solution contains calcium ions, electrolyte salts and option 
ally glucose in concentrations of 0—1000 mM and is acidi 
?ed to a pH beloW 4.0 With a physiologically tolerable and 
effective acid, Where the second individual solution contains 
glucose in a different concentration and all the other com 
ponents of the ?rst individual solution in the same 
concentration, i.e., as in the ?rst individual solution, and 
Where the third individual solution contains a buffer in the 
physiological range. 

Such a solution yields the advantage that the glucose 
concentration can be varied as desired according to the 
mixing ratio of the ?rst and second individual solutions 
Without affecting the concentrations of the other compo 
nents. 

Furthermore, the solution according to the present inven 
tion has the advantage that the calcium ions and the bicar 
bonate are accommodated in separate compartments, thus 
avoiding the disadvantages of simultaneous presence of both 
components as described above. 

SteriliZation of the individual solutions according to the 
present invention is not problematical, as it has been found 
that glucose can be steriliZed Without signi?cant problem at 
a pH of less than 4.0. FeWer degradation products of glucose 
are formed due to the loW pH. In this Way, it is possible to 
prevent or greatly reduce infusion pain in dialysis patients 
due to the loW concentration of degradation products, i.e., 
the dialysis solution prepared from the individual solutions 
according to the present invention has a high biocompat 
ibility. The buffer used in the third individual solution has a 
pH of approximately 7.2 to 7.4. The buffer solution may 
consist of a bicarbonate solution, for example, With the 
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bicarbonate content in the mixed solution being beloW 40 
mM. The buffer is preferably prepared from HCO; and a 
salt of a Weak acid. 

It is especially advantageous if the third individual solu 
tion contains bicarbonate in a maximum concentration of 10 
mmol/L. This makes it possible to minimiZe the CO2 pres 
sure inside the respective compartment so that no special 
CO2 barrier need be provided to prevent the escape of CO2. 
Instead, use of a normal polyole?n ?lm or a normal PVC 
?lm is suf?cient to keep the bicarbonate concentration 
constant. The buffer of the third individual solution can 
contain solely bicarbonate. It is likeWise possible for the 
buffer to also contain a salt of a Weak acid, preferably 
lactate, Whose buffer capacity is supported by the bicarbon 
ate in the combined buffer. 

In another embodiment of the present invention, the 
second individual solution may not contain any glucose. In 
this case, the glucose is provided only in the ?rst individual 
solution and is metered by mixing this solution With the 
second individual solution in the desired concentration. It is 
of course also possible for the second individual solution to 
also contain glucose, but in a different concentration than the 
?rst individual solution. 

It is especially advantageous if the ?rst and second 
individual solutions have a pH of 2.8 to 4.0, preferably a pH 
of 3.7, and if the third individual solution has a pH of 8.5 to 
9.0, so that a pH of 6.8 to 7.4 is established in the ?nished 
solution With a mixture having a ratio of ?ve parts of the 
third individual solution to 13 parts of any desired mixture 
of the ?rst and second individual solutions. 

In another embodiment of the present invention, calcium 
ions, sodium ions, magnesium ions, excess H+ ions, chloride 
ions and glucose are present in the ?rst and second indi 
vidual solutions. 

The third individual solution may contain sodium, ions as 
Well as one or more salts of Weak acids. Such salts may 
include pyruvate ions, alpha-ketoglutarate ions, lactate ions 
and bicarbonate ions. 

It is especially advantageous if the physiologically toler 
able acid is hydrochloric acid. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In a preferred embodiment of the present invention, the 
?rst and second individual solutions include the folloWing 
ingredients: 

sodium: 120 to 140 mmol/L, preferably 133 mmol/L 
calcium: 1—3 mmol/L, preferably 1.7 or 2.4 mmol/L 
magnesium: 0.5 to 1.0 mmol/L, preferably 0.7 mmol/L 
excess H": 0.9 to 1.1 mmol/L, preferably 1.0 mmol/L 
chloride: 130 to 150 mmol/L, preferably 140 mmol/L 

The ?rst individual solution also contains glucose in a 
concentration of about 200 to 1000 mmol/L, preferably 500 
mmol/L, and the second individual solution does not contain 
any glucose. 

The third individual solution advantageously has the 
folloWing ingredients: 
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sodium: 120 to 140 mmol/L, preferably 136 mmol/L 
lactate: 100 to 140 mmol/L, preferably 126 mmol/L 
bicarbonate: 5 to 10 mmol/L, preferably 10 mmol/L 

Moreover, the tolerable concentrations depend on the 
mixing ratio of the sum of the ?rst and second solutions to 
the third individual solution. In the preferred embodiment, 
?ve parts of the ?rst individual solution, eight parts of the 
second individual solution and ?ve parts of the third indi 
vidual solution are combined. 

In another embodiment of the present invention, the 
minimum of three individual solutions are stored in a 
multichambered bag. The multichambered bag may be 
designed as a plastic bag having one chamber for each of the 
individual solutions. 

It is especially advantageous if the third individual solu 
tion contains the salt of a Weak acid. The Weak acid 
advantageously has a pKa value of <5. 
The present invention also concerns a method of prepar 

ing a solution according to the present invention, Where the 
desired mixing ratio is established automatically by the 
dialysis machine or the peritoneal dialysis cycler. 

Additional advantages and details of the present invention 
are explained in greater detail on the basis of one embodi 
ment. 

To prepare the ?rst and second individual solutions, 7.784 
g sodium chloride, 0.3557 g calcium chloride.2H2O, 0.1407 
g magnesium chloride.6H2O and 0.130 mL 25% hydrochlo 
ric acid are dissolved in Water and topped off to 1000 mL. 
In addition, 99 g glucose monohydrate is added to one of the 
tWo solutions. The necessary correction of the pH to <4.0 
can be effected by adding or omitting 25 % hydrochloric acid 
or sodium hydroxide. Both solutions are ?ltered through 
membrane pre?lters and then through sterile membrane 
?lters into a cooling tank. After inspecting the batch and 
releasing the solutions, they are packaged in a multicham 
bered laminated ?lm bag and sealed With connectors. The 
dry bag is then repackaged in an outer bag and then heat 
steriliZed at 121 degrees C. 

To prepare the third individual solution, 28.25 g sodium 
lactate as a 50% solution and 0.840 g sodium bicarbonate are 
dissolved While stirring sloWly in 977 mL Water for injection 
cooled to 12 to 14 degrees C. The temperature of the solution 
should not exceed 20 degrees C. during the batching and 
storage time. The solution is then ?ltered through a mem 
brane pre?lter and a sterile membrane ?lter into a cooling 
tank. After inspection of the batch and release of the 
solution, it is packaged in the multichambered bag and 
sealed With connectors. The dry bag is transferred to an outer 
bag and then steriliZed at 121 degrees C. 

The ?rst and second individual solutions are mixed 
together in a desired ratio for use. Mixing may be constant 
over time or it may be varied over time to achieve a 
concentration gradient. The mixture of the ?rst and second 
individual solutions is mixed With the third individual solu 
tion in a ratio of 13:5. 

All the individual solutions are in separate compartments 
Which can form a connection to one another or their outlets 

may open into a common line or mixing chamber. A reseal 
able ?oW control element is provided in this connection/ 
outlet line, so the amount of individual solutions can be 
adjusted and varied individually during use. A How control 
element may be, for example, a roll clamp or an occluding 
pump. 
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What is claimed is: 
1. A dialysis solution comprising: 
(a) a ?rst individual solution comprising calcium ions, 

electrolyte salts and optionally glucose in a concentra 
tion of not more than 1000 mM; 

(b) a second individual solution optionally comprising 
glucose in a concentration different from that of the ?rst 
individual solution, and the remaining components in 
the same concentration as that of the ?rst individual 
solution; and 

(c) a third individual solution comprising a buffer; 
Wherein at least one of the ?rst individual solution and the 

second individual solution contains glucose and 
Wherein each of the ?rst and second individual solu 
tions Which comprise glucose is acidi?ed to a pH loWer 
than 3.0; 

Wherein the ?rst, second and third solutions are combined 
to form a combined solution having a total glucose so 
as to be administered, Wherein the combined solution is 
such that the glucose Will not be substantially degraded 
upon being heat steriliZed; and 

Wherein by varying the volume of the ?rst solution With 
respect to the volume of the second solution, the total 
glucose concentration can be altered, While the con 
centrations of the remaining components having iden 
tical concentrations in the ?rst and second individual 
solutions remain the same. 

2. The solution of claim 1, Wherein the solution is selected 
from the group consisting of hemodialysis or peritoneal 
dialysis solutions. 

3. The solution of claim 1, Wherein the ?rst and second 
individual solutions are acidi?ed With a physiologically 
tolerable acid. 

4. The solution of claim 3, Wherein the physiologically 
tolerable acid is hydrochloric acid. 

5. The solution of claim 1, Wherein the ?rst individual 
solution is acidi?ed to a pH of less than about 4.0. 

6. The solution of claim 1, Wherein the buffer is physi 
ologically acceptable. 

7. The solution of claim 1, Wherein the buffer is bicar 
bonate. 

8. The solution of claim 1, Wherein the second individual 
solution contains no glucose. 

9. The solution of claim 1, Wherein a pH of about 6.8 to 
7.4 is established in the solution When the ?rst, second and 
third individual solutions are mixed. 

10. The solution of claim 1, Wherein the ?rst and second 
individual solutions have a pH of about 2.8 to about 4.0 and 
the third individual solution has a pH of about 8.5 to about 
9.0, and Wherein a pH of about 6.8 to about 7.4 is established 
in the solution When ?ve parts of the third individual 
solution is combined With 13 parts of a mixture of the ?rst 
and second individual solutions. 

11. The solution of claim 1, Wherein the ?rst and second 
individual solutions have a pH of 3.7. 

12. The solution of claim 1, Wherein the ?rst and second 
individual solutions further comprise sodium ions, magne 
sium ions, excess H+ ions, and chloride ions. 

13. The solution of claim 1, Wherein the third individual 
solution contains sodium ions and one or more salts of Weak 
acids. 

14. The solution of claim 13, Wherein the Weak acids have 
a pKa value of <5. 

15. The solution of claim 13, Wherein the salts of Weak 
acids are selected from the group consisting of pyruvate 
ions, alpha-ketoglutarate ions, lactate ions and bicarbonate 
ions. 
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6 
16. The solution of claim 1, Wherein the ?rst and second 

individual solutions include: 

sodium: 120-140 mmol/L; 
calcium: 1-3 mmol/L; 
magnesium: 0.5-1.0 mmol/L; 
excess H”: 0.9-1.1 mmol/L; 
chloride: 130-150 mmol/L; and 

Wherein the ?rst individual solution contains about 200 to 
about 1000 mmol/L glucose. 

17. The solution of claim 1, Wherein the ?rst and second 
individual solutions include: 

sodium: 133 mmol/L; 
calcium: 1.7 to 2.4 mmol/L; 
magnesium: .7 mmol/L; 
excess H”: 1.0 mmol/L; 
chloride: 140 mmol/L; and 

Wherein the ?rst individual solution contains 500 mmol/L 
glucose. 

18. The solution claim 1, Wherein the third individual 
solution includes: 

sodium: 120-140 mmol/L 
lactate: 100-140 mmol/L 
bicarbonate: 5-10 mmol/L. 

19. The solution of claim 1, Wherein the third individual 
solution includes: 

sodium: 136 mmol/L 
lactate: 126 mmol/L 
bicarbonate: 10 mmol/L. 

20. The solution of claim 1, Wherein the ?rst, second and 
third individual solutions are stored in a multichambered 
bag. 

21. The dialysis solution of claim 1, Wherein the ?rst, 
second and third solutions are administered after heat ster 
iliZation. 

22. A dialysis solution comprising: 
(a) a ?rst individual solution comprising calcium ions and 

electrolyte salts; 
(b) a second individual solution comprising glucose in 

addition to calcium ions and electrolyte salts in the 
same concentration as that of the ?rst individual 
solution, the second individual solution being acidi?ed 
to a pH loWer than 3.0; and 

(c) a third individual solution comprising a buffer; 
Wherein the ?rst solution does not contain glucose; and 
Wherein the ?rst, second and third solutions are combined 

to form a combined solution having a total glucose 
concentration, so as to be administered, Wherein the 
combined solution is such that the glucose Will not be 
substantially degraded upon being heat steriliZed; and 

Wherein the total glucose concentration can be altered 
While the concentrations of other components having 
identical concentrations in the ?rst and second indi 
vidual solutions remain the same by varying the vol 
ume of the ?rst solution and the second solution. 
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23. The dialysis solution of claim 22, wherein the ?rst, 
second and third solutions are administered after heat ster 
iliZation. 

24. A dialysis solution comprising: 
(a) a ?rst individual solution comprising: 

sodium: 120-140 mmol/L, 
calcium: 1-3 mmol/L, 
magnesium: 0.5-1.0 mmol/L, 
excess H": 0.9-1.1 mmol/L, 
chloride: 130-150 mmol/L, 
glucose: not more than 1000 mmol/L; 

(b) a second individual solution comprising 

sodium: 120-140 mmol/L, 
calcium: 1-3 mmol/L, 
magnesium: 0.5-1.0 mmol/L, 
excess H": 0.9—1.1 mmol/L, 
chloride: 130-150 mmol/L, 
glucose: not more than 1000 mmol/L, 

Wherein the concentration of glucose in the second 
individual solution is different from the glucose con 
centration in the ?rst individual solution, and 

Wherein at least one of the ?rst individual solution and the 
second individual solution contains glucose, Wherein 
each of the ?rst and second individual solutions that 
comprise glucose is acidi?ed to a pH loWer than 3.0, 
and 

(c) a third individual solution comprising 

sodium: 120-140 mmol/L 
lactate: 100-140 mmol/L 
bicarbonate: 5-10 mmol/L; 

Wherein the ?rst, second and third individual solutions 
are combined and the dialysis solution has a pH of 
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about 6.8 to about 7.4, and Wherein the solutions are 
such that the glucose Will not be substantially degraded 
upon being heat steriliZed. 

25. The solution of claim 24, Wherein the ?rst and second 
individual solutions have a pH of about 2.8 to about 4.0. 

26. The solution of claim 24, Wherein the third individual 
solution has a pH of about 8.5 to about 9.0. 

27. The dialysis solution of claim 24, Wherein the ?rst, 
second and third individual solutions are combined after 
heat steriliZation. 

28. A method of preparing a dialysis solution in a dialysis 
unit comprising: 

(1) providing a ?rst individual solution comprising cal 
cium ions, electrolyte salts and optionally glucose; 

(2) providing a second individual solution comprising 
optionally glucose in a concentration different from that 
of the ?rst individual solution and the remaining com 
ponents in the same concentration as that of the ?rst 
individual solution, Wherein at least one of the ?rst 
individual solution and the second individual solution 
contains glucose and Wherein each of the ?rst and the 
second individual solutions Which comprise glucose is 
acidi?ed to a pH loWer than 3.0; 

(3) providing a third individual solution comprising a 
buffer; 

(4) heat steriliZing the ?rst, second and third individual 
solutions; and 

(5) combining the ?rst, second and third individual solu 
tions in the dialysis unit; 

Wherein the miXing ratio of the individual solutions is 
automatically established by the dialysis unit to estab 
lish a pH in the dialysis solution of about 6.8 to about 
7.4, and Wherein the solutions are such that the glucose 
Will not be substantially degraded upon being heat 
steriliZed. 

29. The method of claim 28, Wherein the dialysis unit is 
selected from the group consisting of a dialysis machine or 
a peritoneal dialysis cycler. 

* * * * * 
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